The threshold of pentylenetetrazole-induced convulsive seizures, but not that of nonconvulsive seizures, is controlled by the nitric oxide levels in murine brains.
Alterations in the NO pathway play an important role in the development of convulsive seizures via the glutamatergic and GABAergic systems in acute pentylenetetrazole (PTZ) seizure animals. We previously reported that the background NO levels under physiological conditions negatively regulate convulsive seizures, while excess NO levels under pathologic conditions positively regulate PTZ-induced convulsive seizures. In this study, the NO content in various brain regions after a single dose injection of PTZ was quantitatively and directly measured using the ex vivo X-band electron paramagnetic resonance method with an NO-trapping agent. Experimental data demonstrated the effects of NO on the convulsive seizure threshold: a 1.5-fold increase in the NO level in all brain regions compared to that observed in the control state showed proconvulsive properties without any involvement with nonconvulsive seizures. The distribution of the background NO content in the normal animals was higher in the temporal region of the cerebral cortex, including the amygdala, than in the hippocampus, cerebellum and other regions of the cerebral cortex. However, the levels of NO after the occurrence of acute PTZ-induced convulsive seizures significantly increased by more than 50% in all brain regions, thus suggesting that the NO levels in all brain regions contribute to PTZ-induced convulsions as a seizure threshold. In a pharmacological study, the inhibitor of neuronal NO synthase and antagonists of ionotropic glutamate receptors prevented PTZ-induced convulsions and excessive NO generation. In addition, therapeutic drugs, such as valproate and ethosuximide used to treat generalized seizures not only inhibited the increase in NO generation induced by PTZ, but also prevented both convulsive and nonconvulsive seizures caused by PTZ. We herein provide novel insight into the involvement of NO in PTZ-seizure susceptibility at the whole-animal level.